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Abstract—Chronic back pain is a debilitating experience for a
considerable proportion of the adult population, with a significant
impact on countries’ economies and health systems. While there
has been increasing anecdotal evidence to support the fact that for
certain categories of patients (such as wheelchair users), the back
pain experienced is dynamically varying with time, there is a rela-
tive scarcity of data to support and document this observation, with
consequential impact upon such patients’ treatment and care. Part
of the reason behind this state of affairs is the relative difficulty
in gathering pain measurements at precisely defined moments in
time. In this paper, we describe a wireless-enabled solution that col-
lects both questionnaire and diagrammatic, visual-based data, via
a pain drawing, which overcomes such limitations, enabling seam-
less data collection and its upload to a hospital server using ex-
isting wireless fidelity technology. Results show that it is generally
perceived to be an easy-to-use and convenient solution to the chal-
lenges of anywhere/anytime data collection.
Index Terms—Back pain, pain drawings, ubiquitous data collec-
tion, visualization.
I. INTRODUCTION
T ELEMEDICINE refers to the use of telecommunicationtechnology for medical diagnosis, treatment, and patient
care [1]. Recent technological advances have enabled the intro-
duction of a broad range of telemedicine applications, such as
teleradiology [2]–[4], teleconsultancy [5], telesurgery [6], re-
mote-patient monitoring [7]–[9], and health-care management
[10].
The integrated use of telecommunications and informa-
tion technology in the health sector, however, leads to new
challenges in organizing, storing, transmitting, and presenting
health information in both a timely and efficient manner for
effective health-related decision making. Innovations range
from routine hospital information systems [11] to sophisticated
artificial intelligence (AI)-based clinical decision-support sys-
tems [12]–[15].
Moreover, in today’s information-intensive society, con-
sumers of health care want to be better informed of their health
options and are, therefore, demanding easy access to relevant
health information. Simultaneously, clinicians are eager to
exploit advances in telecommunication technology in order
to put in practice new methods of data gathering and patient
monitoring. While the use of the Internet in this respect is
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by now traditional [16]–[18], it is only recently that wireless
technologies have been harnessed to act as tools coming to the
aid of patients and clinicians alike.
To this end, work has focused on patient monitoring sys-
tems and context-aware hospitals. Thus, a patient-monitoring
system that uses wireless application protocol (WAP)-enabled
devices as mobile access terminals is described in [19]. Using
this system, authorized users, hospital personnel, and patients’
relatives can access a patient’s physiological data stored on
the hospital’s computer. On the other hand, a context-aware
hospital mobile prescription system that can identify and react
according to the location of tagged items (personal digital
assistants (PDAs), beds, hospital trolleys), prescribing the cor-
rect medication to patients based on their bed identification
number is detailed in [20], while a context-aware messaging
system, which can download the appropriate data to a doctor’s
PDA according to its location was depicted in [21]. From a
different perspective, [22] examined the use of small-screened
mobile devices for healthcare services, and showed no signif-
icant difference between the use of PDAs and laptops when
they are used for nursing documentation.
In this paper, we present the implementation and experiences
of a wireless-enabled monitoring system for back-pain patients.
The motivation behind our work lies in the fact that, while back
pain is a worldwide problem with considerable implications on
countries’ health-care budgets and national economies, there
is a relative paucity of tools for the collection and digitization
of back-pain data. Moreover, the disabling pain experienced
by back-pain sufferers means that in many cases, such data
collection cannot take place unless medical personnel is present
at the patient’s domicile, a situation which, in most cases,
is both unrealistic and impractical. The consequence of this
state of affairs is that there is underreporting of back-pain
data, as well as an almost total lack of available, continuously
polled back-pain data, notwithstanding the evidence in support
of the fact that, for chronic back-pain sufferers, pain has a
time-dependent nature [23], and that this relation is, as of yet,
still not completely understood. Accordingly, the structure of
this paper is as follows: Section II presents an overview of
the area of back pain, while Section III reviews work done
on the visualization of back-pain data. Such work provides
the foundation for our project, which is described in detail in
Section IV. Last, Section V presents the results of an evaluative
study of our back-pain tool, while the implications of our
work are elaborated upon in Section VI, where conclusions
and possibilities for future work are identified.
1089-7771/$20.00 © 2005 IEEE
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II. BACK PAIN
A. Review Stage
Back pain is a worldwide experience. Disabling back pain ap-
pears to be a problem for western and industrialized societies,
possibly related to the development of welfare states. Thus, ac-
cording to a Department of Health survey, in Britain, back pain
affects 40% of the adult population, 5% of which have to take
time off to recover [24]. This causes a large strain on the health
system, with some 40% of back-pain sufferers consulting a GP
for help, and 10% seeking alternative medicine therapy [24].
Due to the large number of people affected, back pain alone cost
industry 9090 million U.K. pounds in 1997/8, with between 90
and 100 million days of sickness and invalidity benefit paid out
per year for back-pain complaints [25]. Back pain is not con-
fined to the U.K. alone, but is a worldwide problem: in the USA,
for instance, 19% of all workers’ compensation claims are made
with regard to back pain. Although this is a lot less than the per-
centage of people affected by back pain in the U.K., it should
be noted that not all workers in the USA are covered by insur-
ance, and not all workers will make a claim for back pain [26].
Moreover, back pain does not affect solely the adult population:
studies across Europe [27] show that back pain is very common
in children, with around 50% experiencing back pain at some
time.
Like most types of pain, back pain is difficult to analyze, as
the only information that can be used is suggestive descriptions
from the patient. However, these patients may have developed
psychological and emotional problems, due to having to deal
with the pain. Because of these problems, patients can have dif-
ficulty describing their pain, which can lead to problems during
the treatment. In some patients, the psychological problems may
have aided the cause of the back pain, by adding stress to the
body, or the stress of the back pain may have caused psycholog-
ical problems [28]–[34]. It is because of this factor that patients
suffering from back pain are usually asked to fill out question-
naires of different types in order to help the medical staff, not
only to know where the pain is located, but also to identify the
patient’s mental state before treatment begins.
In addition, the patient is usually required to mark on a di-
agram, usually of a human body, where the pain is located,
and the type of pain. This type of diagram is known as a “pain
drawing” and forms the primary focus of our paper.
III. PAIN DRAWINGS AND VISUALIZATION
A. Pain Drawings
Pain drawings, as depicted in Fig. 1, have been successfully
used in pain centers for over 50 years [35], and act as a simple
self-assessment technique, originally designed to enable the
recording of the spatial location and type of pain that a patient
is suffering from [32], [36], [37]. They have a number of
advantages, including being economic and simple to complete,
and can also be used to monitor change in a patient’s pain
situation [37]. Although there are a number of problems with
the way that patients behave toward the test when filling them
out, especially regarding the way that they like to present
themselves to medical staff [30], pain drawings have proven
Fig. 1. Example pain drawing.
to be a versatile tool for recording information as diverse as
psychological distress, type of pain, and disability [32], [36].
Pain drawings are also flexible enough mechanisms to handle
a range of pain descriptors. To this end, Chan et al. [38] use
pins and needles, burning, stabbing, and deep ache in their pain
drawings, while Hilderbrandt et al. [30] state that they omit the
pain qualities because they are not part of the standard pain
drawings that they use. On the other hand, Uden et al. [34] use
dull, burning, numb, stabbing or cutting, tingling or pins and
needles, and cramping in their drawings, while Ohnmeiss uses
aching, numbness, pins and needles, burning and stabbing [39].
B. Scoring Pain Drawings
In order to link the pain drawing to either psychological,
emotional, or causes of pain, several scoring systems have
been developed and described in the literature. These broadly
fall into four categories: grid methods, body-region methods,
penalty point system, and visual inspection methods. Whilst the
first two record the presence or absence of pain within defined
regions, the last two do require subjective interpretation.
With the grid method [40] an overlay of a grid is placed over
the pain drawing. The grid is designed so that each cell is ap-
proximately the same size. By using the grid, unskilled testers
could calculate the amount of surface area that was in pain.
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Body-region methods, on the other hand, break down the sur-
face of the human body in very simple regions, in order to indi-
cate areas that are in pain.
Penalty point systems, such as the one described by Rans-
ford et al. [33], work by awarding points for every unnatural
placement of pain on a pain drawing. Different areas and
rules are made, so that there is a weighting depending on the
irregularities in the drawing. If more points are scored than
normal, then that person may have a psychological problem
that needs addressing. In this particular case, pain drawings
are used not only as a recorder of pain location, but also as
an economical psychological screening instrument to see if a
patient would react well to back-pain treatment [33]. While
traditional psychological screening for back-pain treatment usu-
ally entails patients completing costly, time-consuming, and
difficult-to-understand questionnaires, by using a penalty-point
scoring method, it was found that pain drawings could pre-
dict 93% of the patients that needed further psychological
evaluation just by looking at their completed pain drawing, a
conclusion later corroborated in [28], [38].
Lastly, visual inspection methods use trained evaluators, who
look at the pain drawings, and from their experience, are able to
say what they believe to be wrong with the patient, or, indeed,
if psychological testing is needed [38]. Most of the methods de-
scribed can be and are used in practice in conjunction with sen-
sation-type approaches, which allow not only the placement of
pain to be noted, but also the particular type of pain encountered.
This is done using a key, therefore allowing more information to
be collected, and acts as an aid to the clinic as to what the cause
of the pain is.
C. Conclusion
The consensus of the literature seems to be that the pain dia-
gram is a powerful tool in the role that it is designed for, namely,
to record the spatial location and pain type. However, pain draw-
ings are usually stored in a paper format, which allows no further
evaluation of the data that is stored upon it, and makes searching
through the data a somewhat arduous task. To compound the
issue, in the infrequent case when information from the pain
drawings is digitized, it invariably results in loss of informa-
tion, since current systems that are used for analysis of the pain
drawings and the associated questionnaires revolve around sta-
tistical packages, such as Microsoft Excel and SPSS Inc., inca-
pable of handling diagrammatic data. Thus, although diagram-
matic data is collected, it is not used as the key component to the
data-analysis tools. This is somewhat a problem, as people will
find it easier to show through a diagram the way that they feel,
instead of answering closed questions in questionnaires. Such
data cannot, therefore, be used to its full potential and, in par-
ticular, cannot be used in helping with queries within the dataset.
Last, the paper-based solution of existing methods makes it
impractical to record pain variations over time, in spite of the
time-dependent nature of pain in chronic sufferers [23]. Fig. 2
shows the pain drawings completed by a wheelchair patient at
different times of the same day, clearly highlighting the deteri-
oration of pain, in terms of both diversity and location, as the
day wore on. Thus, a potentially valuable source of data is fre-




In our work, we have sought to alleviate the problems identi-
fied above, and have developed a wireless-enabled, ubiquitous
solution that uses the pain drawing as an actual user-friendly
visual aid to the input and analysis of back-pain datasets.
While our solution is generic and applicable to all back-pain
sufferers who have access to wireless technology, we have
specifically targeted wheelchair users, due to their severe mo-
bility limitations (which might mean that they might not, for
instance, easily have access to a desktop-based computer) and
their dynamic pain patterns, which are now easily logged by
the developed application. In so doing, we specifically address
the issue of pain variability in time (Fig. 2), as identified by
Gibson and Andrew [23], and our application can thus also
be used as a data-gathering tool for this still incompletely
understood phenomenon, the solution of which has potentially
important implications in the monitoring of the effectiveness
of back-pain treatment and medication.
B. Data Collection
In order to function as an effective data-gathering tool, the de-
veloped application, in keeping with previously identified best
practice [31]–[34], incorporates a questionnaire complemented
by visual input of pain location and type, via a pain drawing.
The questionnaire was elaborated in consultation with clin-
icians from Northwick Park Hospital (NPH) in London, U.K.,
and representatives of the U.K. National Forum of Wheelchair
User Groups. It is to be remarked that current practice at NPH
is that the paper-based pain drawings are not digitized, but
physically filed, and that clinicians were thus interested in
the recording and digitization of data pertaining to a patient’s
medical background and capturing the variation of pain pat-
terns with the time of day. On the other hand, the wheelchair
users were interested in the usability, flexibility, and privacy
aspects of the application. Both stakeholder groups agreed that
a wireless solution would be beneficial for the added versatility
that it offers.
It was agreed that the pain drawing should incorporate four
different pain types, namely, numbness, pins and needles, pain,
and ache, and that grid scoring should be used. As opposed to
traditional methods [40], in which transparencies of the grid are
made, and the drawings are scored by placing the grid over each
and counting the number of squares in which the patient indi-
cated symptoms, our approach conceptually slices the body con-
tour into 10 10-pixel squares (Fig. 3). The advantage brought
with this approach was that we were able to code the pain loca-
tion with its coordinates from an image to a database, and vice
versa.
C. Application Structure
The underlying structure of our application is based on a
three-tier wireless system model (Fig. 4) where the three main
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Fig. 2. Time-dependent pain drawings.
components are a mobile, wireless-enabled device, a Web server
with scripting capability, and a backend database.
In this model, the patient inputs on a wireless-enabled device
(in our case, a PDA) to record pain information. This is done at
specific time intervals, as requested by clinicians, and the infor-
mation is saved to a local database. Whenever the user is within
a wireless-enabled zone, s/he then connects to a Web/Database
server via a wireless access point, using the Hypertext Transfer
Protocol over Secure Socket Layer (HTTPS). Moreover, the
connection between the PDA and the wireless access point is
itself secured through the use of 128-b wired equivalent privacy
(WEP) encryption.
Upon receiving such requests, the server responds back and
asks for appropriate authorization. After this has been success-
fully completed, the data is then uploaded to the hospital server.
The clinician then uses his/her computer to logon to the Web
server and downloads information regarding any specific patient
and their pain pattern from the database for further analysis.
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Fig. 3. Virtual grid of the body map.
Fig. 4. Wireless system model.
D. Application Architecture
The developed back-pain application is designed and imple-
mented using Microsoft Embedded Visual Basic, a language
specifically geared to help developers build applications for the
next generation of communication and information-access de-
vices running Windows CE.
The system architecture diagram (Fig. 5) shows the main
components that make the wireless system model work. Ac-
cordingly, the back pain application was implemented on an
HP iPAQ 5450 PDA with 16-b touch-sensitive transflective thin
film transistor (TFT) liquid crystal display (LCD) that supports
65 536 color. The display pixel pitch of the device is 0.24 mm,
and its viewable image size is 5.7 cm wide and 7.7 cm tall. It
runs Microsoft Windows for Pocket PC 2002 (Windows CE)
operating system on an Intel 400 Mhz XSCALE processor, and
contains 64 MB standard memory, as well as 48 MB internal
flash ROM. The Web server was implemented on an Intel Pen-
tium III running at 1 GHz, with 512 MB RAM and a 50-GB
hard disk. In our work, a 11 Mb/s D-Link DWL-700 AP wire-
less access point was used.
The application reads the coordinates of the pain locations
from the touch-sensitive screen, and using ADOCE 3.0 (Ac-
tive Data Objects for CE), connects to a local Microsoft Pocket
Access database file. Through this connection, the application
saves the pain coordinates and patient questionnaire data to the
database. When the user is within wireless Internet coverage,
the application uses Winsock CE 3.0 (Windows CE Sockets) to
send a connection request to the server. The server is running
the Windows 2000 operating system with an Internet informa-
tion server (IIS) 5.0, which connects to the hospital database
through open database connectivity (ODBC). The server hosts
a patient database, which is accessed from the web server (IIS
5.0) using ActiveX data objects (ADO).
The doctor’s interface is made of dynamically created active
server pages (ASP), which can be accessed using any conven-
tional web browser running on a computer connected to the In-
ternet. Thus, after successful authorization, medical personnel
can download a particular patient’s data to their personal com-
puter. This is achieved through the ASP code dynamically cre-
ating a structured query language (SQL) query to the database,
the results of which are presented dynamically on the viewed
Web page (Fig. 6).
E. Device and User-Interaction Sequence
The developed system is conceptually made up of two user
groups, patient and doctor/clinician, and three devices, namely,
a wireless-enabled PDA, a doctor’s computer, and a Web/Data-
base server (Fig. 7).
The initial interaction takes place between the doctor and the
wireless-enabled PDA device, where the doctor creates a user
account for the patient. Following this phase, the patient in-
teracts with the wireless-enabled device, inputting pain data to
the device. The device responds to this by creating a graphical
representation for every pain point added to the body diagram.
After the pain data are saved, whenever a wireless connection
is available through an access point, the user can request data
transmission to the hospital server. After the connection is estab-
lished and the patient duly authorized (via a user_name, pass-
word tuple), the server can then receive the data that is sent by
the wireless-enabled PDA and save it to the hospital database.
When this is done, the server initiates connection closure.
After the transfer, the doctor can then interact with his/her
desktop computer and, by quoting a patient name, get further
detailed information about the respective patient’s back-pain
progress. Accordingly, the computer interacts with the server
and embeds the quote in SQL code, which then is used to query
the database. As a result of the query, the database server sends
back a response with the requested data to the web server, which
then passes the data to the doctor’s computer.
V. FUNCTIONALITY AND EVALUATION
A. Pilot Evaluation
The first version of the developed application was given out,
together with a brief user manual, to three wheelchair users from
the collaborating group for a five-day pilot evaluation. The feed-
back provided could be broadly categorized into two groups.
The first concerned ways through which any potential misun-
derstandings of the questionnaire content could be clarified. The
second grouped issues such as font size (too small in our initial
prototype) and color schemes used by the application (which
had to take into account users’ potential color blindness). The
users did not encounter navigation problems, nor were there any
problems raised with regard to clarity of the pain diagram, or in-
deed with the saving and transferring of recorded data. All the
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Fig. 5. System architecture diagram.
Fig. 6. Doctor’s web interface.
concerns identified by the participants of the pilot study were
addressed in the subsequent version of our application.
B. Application Walk-Through
In the developed application, before any pain data can be col-
lected, the clinician first has to create a profile for the particular
(in our case, wheelchair) user who is going to log his/her pain
information. This the clinician does by tapping on the New Sub-
ject button [Fig. 8(a)], the effect of which is to first initialize
the database, and then to take the doctor to the user database
creation process screen [Fig. 8(b)]. Here the clinician enters in-
formation about the patient’s personal details, sets up a default
password for the user, and inputs background information on the
patient such as diagnosis, length of wheelchair use, and wheel-
chair type (Manual, EPIOC, or EPIC).
The following screen [Fig. 8(c)] requires more specific details
about the wheelchair user’s pain/discomfort factors. It requires
the doctor to detail the factors that increase and, respectively,
decrease the pain and discomfort of the wheelchair user, the
type of medical treatment received and, if applicable, the type
of painkillers prescribed, together with their associated usage
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Fig. 7. System sequence diagram.
Fig. 8. (a) Introductory screen. (b) Patient personal details. (c) Patient treatment details.
frequency. Once this has been done and the information saved,
the clinician’s input to the PDA application is complete.
Upon creation of the patient database, the user can, using
the default password, log on to the device from the initial
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Fig. 9. (a) Patient log-on screen. (b) Discomfort level. (c) Empty diagram.
application page, by selecting the User identity [Fig. 8(a)].
This password can then be changed if the user desires this. The
resulting screen [Fig. 8(b)] asks the patient to score his/her dis-
comfort level using a visual analog scale between 1 and 10, as
was requested by clinicians. The scale is implemented through
the use of scrollbars, which are used to score seven predefined
body parts (Back, Neck, Buttocks, Legs, Arms/Shoulders, Feet,
and Hands) and give an overall body pain/discomfort level.
In addition to these, this screen contains a textbox where the
user can add his/her own pain areas and mention how severe
this pain or discomfort is. By tapping on the Next button, at the
bottom of the screen, the user is taken to a pain diagram where
s/he can select the pain type from the pull-down menu, and
specify the pain location by tapping on the body diagram to
show exactly where the pain is located. There are four different
pain types defined in the menu; these are numbness, pins and
needles, pain, and ache [Fig. 9(c)]. In case the user forgets
to select the one of the pain types before proceeding to the
diagram, the application reminds the user with a message box
that a pain type has to be selected first.
Each pain type is represented by a different shape and color: a
yellow square for numbness; a black cross for pins and needles;
a red triangle for pain; and a blue circle for ache. The colors
and symbols were chosen so that potentially a selected location
could have all the four pain types displayed concurrently and
clearly. Subsequent to pain-type selection, tapping on the screen
creates one of the shapes mentioned which symbolizes the pain
type and its location on the overall body. The patients can add as
many pain symbols as they want to present their pain type and
location [Fig. 9(a)]. In case of erroneous pain-type or pain-lo-
cation selection, the user can delete any symbol from the dia-
gram by selecting the same pain type with the target symbol and
then tapping on it. When the user has finished inputting his/her
pain information of the diagram, s/he then taps on the Save Pain
Points button and saves the pain type and location data, as well
as the particular time at which these were gathered, on the local
database (Fig. 10).
The data stored on the PDA database can only be sent to the
main hospital database while the user is within a wireless In-
ternet area. When this is the case, the user can upload the local
PDA database (typical database sizes in our study varied be-
tween 180–246 KB for one day’s worth of logged back-pain
data) to the remote hospital server by tapping on the Commu-
nication menu from the introduction screen, and selecting the
Upload Data item from the menu [Fig. 10(b)]. Subsequently,
the application loads a status screen [Fig. 10(c)], which dis-
plays the server name and Internet Protocol (IP) address that
the application is connecting to, as well as the authentication
details being used. The screen also displays the table name that
is being transferred, and a gauge showing the percentage of data
transmitted. The user has preemptive capabilities during this
process, and can interrupt the transmission any time by tapping
on Cancel button at the bottom of the screen. After the trans-
mission is completed, the application reverts to the introductory
screen [Fig. 8(a)].
C. User Evaluation
The developed application was evaluated with a sample of
50 wheelchair users, members of the U.K. National Forum of
Wheelchair User Groups. These were divided into two equal-
sized groups, a control group, in which participants recorded
their pain data on paper using the questionnaire of Fig. 2, and
one which used the developed PDA application for data input.
Participants were aged between 27–65 years old, each of whom
had varying degrees of daily wheelchair use. Each participant
was given five days in which to evaluate the application, as well
as a short (three-page) user manual, and instructions on which
times of the day they should record their pain measurements
(every two hours between 10 a.m. and 4 p.m.) and on how to
“upload” the data.
At the end of the evaluation period, participants were re-
quested to complete a questionnaire (Table I), in which they
recorded their opinions on a Likert scale of 1–7 about the us-
ability and feasibility of using the two ways of recording pain
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Fig. 10. (a) Diagram with pain points. (b) Communication menu. (c) Upload screen.
TABLE I
EVALUATION QUESTIONNAIRE
data in practice. Patients were also asked to note any other ob-
servations that they might wish to make.
The user manual differed from one group to another—while
in the case of the group using the PDA for data input, it focused
mainly on explaining the features and functionalities of the
PDA application, in the case of the control group, particular
attention was given to explaining how the patients should record
the location of the pain data in a nongraphical format. This was
because the intended output of the two groups was to be the
same, namely, a log, both graphical and nongraphical, of the
pain location and type across time. While capturing the exact
grid coordinates of the pain data is done transparently to the
user by the developed PDA software, in the case of the control
group, this had to be done by the user. Thus, participants in
this group were given a plastic transparent sheet with a grid
(similar to Fig. 3), and by overlaying the sheet on top of the
completed pain drawings, recorded the and coordinates
of the particular grid containing the pain indicator, as well as
the type of pain itself. Last, participants in this group were
told that the last question of the questionnaire addressed this
particular bit of the exercise, namely, the transfer of the pain
logs to a paper database, as is the case with current working
practice.
Input of data took place mainly at the user’s domiciles (or
wherever they happened to be when the recording of data had
to take place), with no personnel being on hand to offer help in
this respect, save for the information contained in the manual.
While, in the case of the group using the PDA software, the
degree of local connectivity of each patient varied (three of
whom had wireless LANs already installed in their homes), they
were told to use their own means and resources in order to up-
load the collected data, once a day, to the hospital server. Al-
though upload times did vary across the cohort (factors such as
signal strength, environment, number of users, and data sizes
all come into play here), and were on average 47 s (with a max-
imum recorded time of 71 s), no patient reported any concerns
in this respect (Fig. 11). Conversely, in the case of the group
using paper-based data input, self-reported times with respect
to recording of pain location and type have an average of 267 s.
The results of the evaluation are given in Fig. 12.
Our results (Fig. 13) highlighted a general consensus that
wheelchair users had in respect to the ability to record pain data
on a mobile device being beneficial to their lifestyles (an obser-
vation also confirmed through informal and formal written feed-
back, at the end of the questionnaires). Moreover, running an
independent samples t-test on our results revealed that, while in
the first three questions of our evaluation, there were no signif-
icant differences between a paper-based approach and the PDA
one, as far as the last question is concerned, results suggest that
user perceptions of the two approaches are radically different
.
This is generally in line with our expectations. Thus, while
opinions about the usefulness of recording pain data and of
doing so across time remained roughly the same across both
cohorts, we were mildly surprised that while the mean opinion
score with respect to ease of data input was higher in the control
case than when the PDA was used, the difference was not statis-
tically significant, since we expected participants to have more
problems using stylus-based input than the traditional paper-
based one (Fig. 11). Nonetheless, the obvious analogies between
the two modes of input seem to have overridden our concerns
in this respect. Moreover, although some users, especially those
suffering from arthritis and/or poorer eyesight, did encounter
difficulties in using the relatively small interface of the PDA,
overall, the participants agreed that the processes of recording
pain data was a relatively easy one and that the ability to record
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Fig. 11. Snapshot of back-pain database.
data across time, irrespective of the particular location in which
users found themselves, was indeed beneficial.
Since the developed PDA-based software transparently
records pain location and type to a database, it comes as no
surprise that users in the control group, who were asked to
manually record this data, had significantly different opinions
from this perspective, with this finding highlighting the ob-
vious advantage of digital-based data gathering over a purely
paper-based exercise, with limited (if any) possibilities for
future data analysis. Last, although participants in the PDA
groups did encounter barriers in respect to their attempts to
upload data, with some of them using ingenious resources
(such as using wireless fidelity (WiFi)-enabled cafes or local
shopping malls) to accomplish this task, nonetheless, partici-
pants felt generally positive about ubiquitous data collection
and transmission capabilities, with the feeling that proliferation
of WiFi hotspots would remove such barriers in the future.
D. Clinical Evaluation
The doctor view of the application was also evaluated by four
clinicians from NPH. They were given seven days to test it and
the quality of the data thus provided. At the end of this period,
they were asked to complete an open-ended questionnaire re-
quiring them to specify the three most liked and disliked fea-
tures of the application.
TABLE II
DOCTORS’ OPEN-ENDED QUESTIONNAIRE FEEDBACK
A summary of the responses to this survey is given in Table II.
This revealed that all the doctors appreciated the potential of
the application in the prescription of treatment, given the close
link between medication and pain location and type. Moreover,
three of the surveyed clinicians viewed the observation of pain
across time as useful in itself, but especially as regards the
monitoring of the effect of any analgesics prescribed to the
patient. On the downside (it is to be remarked that not all
clinicians interviewed gave a full list of three “dislikes”), the
prevalent concerns expressed were those of coming to grips
with the functionality of the application, and of integrating it
with the central IT repository. While the application is currently
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Fig. 12. Histograms of responses to evaluation questions.
Fig. 13. Evaluation results: Paper-based approach versus PDA.
at a prototypical stage, the latter suggestion could indeed be
implemented in future versions.
VI. CONCLUSION
The challenge of pervasive clinical data collection has only
now become attainable through recent advances in mobile
and wireless communication capabilities. Only by harnessing
the combined features and capacities of such technologies
will healthcare applications be able to offer stakeholders loca-
tion-independent communications and computing.
In this paper, we have described the design, implementation,
and evaluation of a wireless-enabled solution for back-pain data
collection and wireless transmission to a remote clinical data-
base. Employing a user-friendly visual approach to data input,
in our solution, such activities are carried out in an ubiquitous
fashion, on a PDA; the fact that the collected data, including
pain drawings, are digitized makes it easier to collect and ana-
lyze, while the fact that such input takes place on a PDA means
that this can happen irrespective of the location of the user, and
can be easily done at different times of the day. Moreover, our
approach also enables the easy recording of time-sensitive in-
formation, with no clinical supervision. Finally, recognising the
mobility problems that many back-pain patients endure, our so-
lution is WiFi-enabled, thus facilitating remote, ubiquitous, data
access and management, and absolving patients of the need to
actually physically hand in their completed questionnaires.
We recognize, however, that our study has exposed certain
limitations with current technologies, especially when these are
handled by differently-abled individuals. Our proof-of-concept
study has not addressed issues such as scalability, and secu-
rity will need to be updated in line with future developments.
Nonetheless, our experience has shown that the provision of
such goals are worth pursuing, for only then will the potential
of true anytime/anywhere data collection become be realized.
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